In this note, I will discuss just one aspect of this hybrid zone-the precise relation between its width and the fitness of hybrids. The work on Caledia raises many other intriguing questions; for example, there is markedly asymmetrical introgression of the Torresian chromosomes into the Moreton race, which led Moran (1979) to suggest that the Moreton race is moving forwards. However, Moran points out that any such movement would soon be halted by gradients in the environment and in population structure; this is supported by theoretical analysis (Barton, 1979a) . In any case, the movement of a hybrid zone does not directly affect its width, and so this aspect, though important, can be set aside for present purposes.
Most of the karyotypic change occurs within 200 m; more exactly, we can measure dine width by the inverse of the maximum slope (May et al., 1975) , giving a value of -350 m, varying somewhat between chromosomes.
This seems narrow relative to the range of the species, but is much wider than the individual dispersal range, stated by as only 5-10 metres over a two week mark-release-recapture experiment. Indeed, in several other hybrid zones the width is also greater than the likely dispersal range; in Mus musculus/domesticus, the dine is at least 20 km wide (Hunt and Selander, 1973) ; in the snail Cerion abacoense/bendalli, the width is --'-1 km compared to a measured lifetime dispersal of -3 m (Woodruff and Gould, 1980) ; in the frog Pseudophryne bibroni/semimarmorata, the width of morphological change is -3 km (McDonnell et a!., 1978) ; and in the grasshopper Podisma pedestris, the dine in chromosome type is -800 m wide, and the dine in hybrid inviability is -'350 m wide, compared with a lifetime dispersal of -20m  Barton and Hewitt, 1981) . Now, if, as seems likely, these dines are maintained by a balance between dispersal and hybrid unfitness, a substan-279 tial and robust body of theory shows that the ratio between width and dispersal is a measure of the strength of the selection acting on each locus involved (e.g., Endler, 1977) . Hence, the above observations imply that the selection acting must be weak. However, in Caledia, laboratory crosses have shown that the selection acting against hybrids is extremely strong; the hybrid zone is paradoxically wide. Moran (1979) has set out a model describing the frequencies of the karyotypes through the first two generations of hybridisation. However, since this model cannot be carried further without defining the fitness of multiple backcross derivatives, and does not explicitly take dispersal into account, it is not adequate to describe the equilibrium structure of the zone. So, to clarify the paradox of the width of the Caledia dine, I will briefly describe the consequences of a mathematical model based on the mechanism of hybrid breakdown proposed by Shaw and his co-workers. The model is constrained by the observation that Fl hybrids are essentially normal, but F2's die during embryogenesis. Backcrosses to either parental race have viability varying between 0 and 50 per cent. (This summary neglects the subtleties of the results presented in , but to include these would complicate matters needlessly.) The breakdown is not due to meiotic problems; the chromosomes segregate normally. It is proposed instead that recombination produces deleterious gametes. This could be because the two races have fixed different co-adapted sets of alleles, which only work well with each other. It could also be because the loss of fitness is caused by the change in recombination pattern in chromosomal heterozygotes, which have chiasmata in parts of the chromosome which are normally left intact. If there are co-adapted sets which are polymorphic within each race, these might be broken up by the abnormal chiasmata in hybrids, again reducing fitness. Shaw et al. prefer this latter hypothesis, and so although the exact cause of hybrid inviability should make little difference to the results, the model set out below will follow their preference.
Let there be three types of gamete, with frequencies, m, t and r; M and T represent pure Moreton and Torresian gametes, whilst R gametes are formed by recombination between the two. Since all F2 offspring die, we will suppose that recombination is certain, so that M/T Fl 's produce only R gametes, and that R/R embryos have fitness (1 -1). In backcrosses, there is partial inviability; so, let the fitness of RIM, R/T be (1-h).
Recombination from R/M to R/R types has been neglected; if only two elements are involved, this would be impossible, whilst if more were involved, selection against hybrids would be raised by the increased frequency of R gametes, and the dine would be narrower. Another simplification is that all "R" types are equivalent. Thus, the selection scheme is described by the parameters h and 1.
Dispersal may be described by a stepping stone model; the results here come from a model in which demes exchange half their population with each neighbour every generation. However, the pattern of exchange affects the dine shape very little, provided the variance of gene flow, cr2, is constant.
By iterating until equilibrium, one can find the relation between the selection pressures in backcross and F2, and the dine width ( fig. 1) . If selection were acting at a single "locus" of the type described above, 1 would have to be -1, and h > 05 to account for the viabilities of the laboratory crosses. Hence, the dine could be at most 39 dispersal distances (cr) across. It would be more realistic to suppose that selection acts on the twelve chromosomes independently; the selection on each could be much weaker, since the hybrid unfitness is due to the cumulative effects of all the chromosomes. The F2 fitness must be less than, say, 3 per cent =
(1 -1)12, and so 1 is at least 25 per cent. Similarly, h is at least 5 per cent, and so the width must be less than 73cr. So, spreading the selection out over 12 loci doesn't help much. One might get a greater width by allowing non-multiplicative fitness interactions between chromosomes. The dine width is determined by the marginal fitness differences at each locus, whilst the F2 fitness is determined by the combination of all these differences, so that the relation between width and hybrid fitness depends on the way the loci interact. However, these non-linearities would have to be very strong to raise the width substantially (see Barton and Hewitt, 1981) .
Of course, one could continue postulating more and more loci, with weaker and weaker selection on each. However, this solution is constrained by the production of linkage disequilibrium between the loci, which would narrow the dine (Slatkin, 1975) . One might argue that since the dine appears to be many dispersal distances across (W >> cr), the disequilibrium between two loci, with frequency gradients (11W), produced by the mixing of dissimilar populations is < (u2/rw2) (from Barton, 1979b) . This disequilibrium should be negligible for r--O5. However, there is in fact strong disequilibrium between the various chromosome rearrangements; most pair-wise x2 tests are significant on the Torresian side of the zone, and there is a substantial excess of "Fl" multiply heterozygous karyotypes throughout the zone. Selection must therefore act as if on a single locus, and so the dine should only be a few dispersal distances across. To sum up, the Caledia hybrid zone involves severe selection and strong disequilibrium, and yet it seems wide relative to the measured dispersal abilities of the organism. One can only hope that continued analysis of this system will resolve the puzzle.
